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1 Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution we discuss remaining issues on codebook based UL transmission. 
2 Discussion
2.1 Association of SRI and SRS transmission 
During discussion on codebook based UL transmission in RAN1 NR #AH1801 meeting, three alternatives for the SRI indication and SRS transmission were proposed:
1. 
2. 
2.1. 
2.2. 
2.2.1 
2.2.2 
· Alt 1: the SRI in slot n is associated with the most recent SRS transmission before slot n
· Alt 2: the SRI in slot n is associated with the most recent SRS transmission before slot n-k
· Alt 3: the SRI in slot n is associated with the most recent SRS transmission with highest priority within a time window [n-k, n).
For codebook based UL transmission, only one SRS resource set can be configured. It was agreed in RAN1 NR #AH1801 meeting that for codebook based uplink transmission, SRS resources in the same resource set should have same time domain behavior of periodic, aperiodic and semi-persistent SRS, thus Alt. 3 is not relevant anymore. The most recent SRS transmission before slot n may be the SRS transmission in the last OFDM symbol of slot n-1. If Alt. 1 is adopted there would be no time for gNB to calculate SRI. Therefore, Alt. 1 is not a good choice. For Alt. 2, k should be large enough for gNB to calculate SRI. For simplicity, it is preferable that k is a fixed value. 
Proposal 1: The SRI in slot n is associated with the most recent SRS transmission before slot n-k, k is a fixed value.
2.2 UL transmission without SRS resource
In RAN1 #AH 1801, following two alternatives on SRS configuration for codebook based UL transmission were discussed without conclusion:
· Down-select one of the following alternatives:
· Alt 1: It is up to gNB whether to configure or not configure SRS resource for codebook based transmission 
· If supported, the number of transmitted SRS ports is configured by gNB using RRC signaling
· If supported, study how to indicate the beam of PUSCH when no SRS resource for codebook based transmission is configured, e.g. by SRI indication in DCI 
· Alt 2: UE expects to be configured with at least 1 SRS resource for codebook based transmission
If no SRS resource is configured for codebook based UL transmission, it is difficult for gNB to determine the precoding and MCS of PUSCH. Except SRS, there is no other UL signals can be used for reliable UL CSI acquisition. Take DMRS for PUSCH as example, it is present only on the RBs that PUSCH is scheduled. It is not reliable to use DMRS in one RB to obtain UL CSI for another RB. Even if DMRS for PUSCH is always present in the whole bandwidth, it is difficult for gNB to calculate precoders based on the estimation of previous DMRS. That is because DMRS for PUSCH is a precoded signal, and its antenna port number is the same as the number of transmission layers. Similarly, DMRS for PUCCH can’t be used for TPMI acquisition either. For the scenarios that TPMI is not required, such as the case of non-coherent UL transmission, DMRS for PUSCH or PUCCH cannot be used for rank determination. For transmission with fixed rank, CSI obtained from former scheduled PUSCH/PUCCH RBs may not reliable enough for gNB to schedule PUSCH/PUCCH on other RBs.
Proposal 2: UE expects to be configured with at least 1 SRS resource for codebook based transmission.
2.3 UL transmission scheme without ulTxConfig
The UL transmission scheme is configured through RRC parameter ulTxConfig, which means before initial RRC configuration, ulTxConfig is not configured. 
For non-codebook based UL transmission, UE provides suggested precoders to gNB through SRS transmission, gNB selects the precoder for PUSCH transmission from the suggested precoders. However, the precoders determined by some UEs may not be reliable, i.e., for UEs without Rx/Tx reciprocity. Therefore, whether non-codebook based UL transmission is a mandatory UE feature is still a contentious issue. Hence, non-codebook based UL transmission can’t be used as the default transmission scheme before ulTxConfig is configured.
If a UE is neither configured with ulTxConfig, nor configured with SRS resource set for UL CSI acquisition, the default transmission scheme can be codebook based UL transmission. As there is no information on the antenna ports of SRS resources, single antenna port transmission can be assumed. 
Proposal 3: If a UE is not configured with ulTxConfig, codebook based UL transmission with single antenna port is used as default transmission scheme.
2.4 SRS-SetUse for SRS resource set for UL CSI acquisition
RRC parameter ulTxConfig is used to indicate the UL transmission scheme of a UE, it can be ‘Codebook’ or ‘NonCodeBook’. RRC parameter SRS-SetUse is used to indicate a SRS resource set is used for beam management, for codebook based or non-codebook based transmission, or for antenna switching. The value of SRS-SetUse can be chosen from {BeamManagement, Codebook, NonCodeBook, AntennaSwitching}. If a UE is configured with ulTxConfig = ‘Codebook’ and a SRS resource set with SRS-SetUse= ‘NonCodeBook’, or with ulTxConfig = ‘NonCodebook’ and a SRS resource set with SRS-SetUse = ‘CodeBook’, UE’s behavior will be undetermined. In order to avoid such misconfiguration, the value of ‘Codebook’ and ‘NonCodeBook’ for SRS-SetUse can be combined to be ‘ULCSIAcquisition’.  
Proposal 4: Modify the value set of SRS-SetUse from {BeamManagement, Codebook, NonCodeBook, AntennaSwitching} to { BeamManagement, ULCSIAcquisition, AntennaSwitching }.
2.5 Antenna port definition and determination

In clause 6.3.1.5 of TS38.211 for PUSCH precoding, it is mentioned that ‘The set of antenna ports [image: ] shall be determined according to the procedure in [6, TS 38.214]’. However, the definition of  is not clear, and the SRS antenna port determination procedure is not described in TS38.214. Therefore, the definition and determination procedure of SRS antenna ports should be clarified. 
The PUSCH precoder determination procedure for the scenarios of DCI with SRI and/or TPMI and TRI field for codebook based or non-codebook based transmission in TS38.214 are defined. However, the PUSCH precoder determination procedure for the scenarios of DCI without SRI and/or TPMI and TRI field is missing, which needs to be clarified. 
Proposal 5: Clarify the definition and determination procedure of [image: ] according to the following TP.
[bookmark: _Hlk496882528]Proposal 6:  Clarify the procedure of PUSCH precoder determination procedure for the scenarios without SRI and/or TPMI and TRI field in DCI according to the following TP. 
-----------------------------------------------------Start of TP for 38.211----------------------------------------------------------------
6.3.1.5	Precoding


The block of vectors ,  shall be precoded according to





, . The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214]. 


For codebook-based transmission, the set of antenna ports  are the SRS antenna ports {1000, …,1000+ -1} in the SRS resource determined according to the procedure in [6, TS 38.214].


For non-codebook-based transmission, the antenna port  is the SRS antenna port {1000} of the ith SRS resource determined according to the procedure in [6, TS 38.214], i=0,…, .

For non-codebook-based transmission, the precoding matrix  equals the identity matrix.
<Unchanged part omitted>

--------------------------------------------------------------End of TP ---------------------------------------------------------------------

-----------------------------------------------------Start of TP for 38.214----------------------------------------------------------------
[bookmark: _Toc501048207]6.1.1.1	Codebook based UL transmission
[bookmark: _Hlk494787931]For codebook based transmission, the UE determines its PUSCH transmission precoder and transmission rank based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. If there is no TRI and TPMI field in DCI, the PUSCH transmission precoder equals 1. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with ‘fullAndPartialAndNonCoherent’, or ‘partialAndNonCoherent’ ', or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of ' partialAndNonCoherent ' transmission shall not expect to be configured by ULCodebookSubset with fullAndPartialAndNonCoherent. 
A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with ‘fullAndPartialAndNonCoherent’ or with ‘partialAndNonCoherent '.
For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
[bookmark: _Hlk505623688]When multiple SRS resources are configured, the UE shall expect that higher layer parameter NrofSRS-Ports shall be configured with the same value in all SRS resources, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all SRS resources.
[bookmark: _Toc501048208]6.1.1.2	Non-Codebook based UL transmission
[bookmark: _Hlk494787623]For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI field from the DCI. The wideband SRI selects v SRS resources from the configured SRS resource set for non-codebook transmission. v equals the transmission rank. The selected SRS resource(s) are ordered according to the indicated SRI(s) in [Table 7.3.1.1.2-28/29/30/31 in TS 38.212]. If a single SRS resource is configured in the SRS resource set for non-codebook transmission, the PUSCH transmission precoder equals 1. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is being part of UE capability signalling Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
[bookmark: _Hlk505622397][bookmark: _Hlk498597149]For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
[bookmark: _Hlk498591525]-	If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols. A UE may receive the SRI which shall be associated with the most recent SRS transmission. 
-	If periodic or semi-periodic SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.

--------------------------------------------------------------End of TP ---------------------------------------------------------------------
2.6 PUSCH transmission with one antenna port
For codebook based UL transmission, configuration of SRS resource set with SRS resource(s) with one SRS port is possible.  In this case, the bitwidth of Precoding information and number of layers field should be 0. This is missing in DCI format 0_1.  
Proposal 7: Clarify that Precoding information and number of layers is 0 bit for single antenna port codebook based UL transmission.
It is also possible that only one SRS resource is configured for codebook based or non-codebook based UL transmission, where SRS resource indicator is 0 bit. It is missing in DCI format 0_1 in TS38.212.
Proposal 8: Clarify that SRS resource indicator is 0 bit if only one SRS resource is configured for codebook based or non- codebook based UL transmission.
If there is no SRI field in DCI for non-codebook based transmission or there is no TPMI and TRI field in DCI for codebook based transmission, the transmission rank value is one, which is neither determined according to the SRS resource indicator field if SRS-SetUse = NonCodeBook nor according to the Precoding information and number of layers field if SRS-SetUse = CodeBook.
Proposal 9: Clarify the determination of Antenna ports if no SRI field for non-codebook based transmission or no TPMI and TRI field for codebook based transmission.
-----------------------------------------------------Start of TP for 38.212----------------------------------------------------------------
[bookmark: _Toc505960307]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:
-	Carrier indicator – 0 or 3 bits, as defined in Subclause x.x of [5, TS38.213].
-	UL/SUL indicator – 0 bit for UEs not configured with SUL in the cell or UEs configured with SUL in the cell but only PUCCH carrier in the cell is configured for PUSCH transmission; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1.
-	Identifier for DCI formats – [1] bit
-	Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined according to the higher layer parameter BandwidthPart-Config for the PUSCH.

-	Frequency domain resource assignment – number of bits determined by the following, where  is the size of the active bandwidth part:


-	 bits if only resource allocation type 0 is configured, where  is defined in Subclause 6.1.2.2.1 of [6, TS38.214], 

-	bits if only resource allocation type 1 is configured, or 

-	 bits if both resource allocation type 0 and 1 are configured.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Subclause 6.1.2.2.1 of [6, TS38.214].

-	For resource allocation type 1, the  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:



-	 MSB bits are used to indicate the frequency offset according to Subclause 6.3 of [6, TS38.214], where  if the higher layer parameter Frequency-hopping-offsets-set contains two offset values and   if the higher layer parameter Frequency-hopping-offsets-set contains four offset values

-	 bits provides the frequency domain resource allocation according to Subclause 6.1.2.2.2 of [6, TS38.214]
-	For non-PUSCH hopping with resource allocation type 1:

-	 bits provides the frequency domain resource allocation according to Subclause 6.1.2.2.2 of [6, TS38.214]

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I the number of rows in the higher layer parameter [pusch-symbolAllocation].
-	VRB-to-PRB mapping – 0 or 1 bit
	-	0 bit if only resource allocation type 0 is configured or if PUSCH-tp=Enabled;
	-	1 bit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3.1.7 of [4, TS38.211].
-	Frequency hopping flag – 0 or 1 bit
	-	0 bit if only resource allocation type 0 is configured;
	-	1 bit otherwise, only applicable to resource allocation type 1, as defined in Subclause 6.3 of [6, TS38.214].
-	Modulation and coding scheme – 5 bits as defined in Subclause x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	1st downlink assignment index – 1 or 2 bits
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook with single HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise. 
-	TPC command for scheduled PUSCH – 2 bits as defined in Subclause 7.1.1 of [5, TS38.213]




-	SRS resource indicator – [0 or]  or  bits, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'CodeBook' or 'NonCodeBook', and  is the maximum number of supported layers for the PUSCH.
[-	0 bits if there are no SRS resources configured;]
-  0 bit if the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'NonCodeBook' or 'CodeBook' is 1.



-	 bits for non-codebook based PUSCH transmission according to Tables 7.3.1.1.2-28/29/30/31, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'NonCodeBook';


-	 bits for codebook based PUSCH transmission according to Tables 7.3.1.1.2-32, where  is the number of configured SRS resources in the SRS resource set associated with the higher layer parameter SRS-SetUse of value 'CodeBook'.
-	Precoding information and number of layers – number of bits determined by the following:
	-	  0 bits if the higher layer parameter ulTxConfig = NonCodeBook;
-    0 bit for single antenna port, if ulTxConfig = Codebook;

-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters PUSCH-tp, ULmaxRank, and ULCodebookSubset;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters ULmaxRank and ULCodebookSubset;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if ulTxConfig = Codebook, and according to the values of higher layer parameters ULmaxRank and ULCodebookSubset .
-	Antenna ports – number of bits determined by the following
-	2 bits as defined by Tables 7.3.1.1.2-6, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS-max-len=1;
-	4 bits as defined by Tables 7.3.1.1.2-7, if PUSCH-tp=Enabled, UL-DMRS-config-type=1, and UL-DMRS-max-len=2;
-	3 bits as defined by Tables 7.3.1.1.2-8, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-DMRS-max-len=1, and no SRS resource indicator field if SRS-SetUse = NonCodeBook or no Precoding information and number of layers field if SRS-SetUse = CodeBook;
-	4 bits as defined by Tables 7.3.1.1.2-12, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-DMRS-max-len=2, and no SRS resource indicator field if SRS-SetUse = NonCodeBook or no Precoding information and number of layers field if SRS-SetUse = CodeBook;
-	4 bits as defined by Tables 7.3.1.1.2-16, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and UL-DMRS-max-len=1, and no SRS resource indicator field if SRS-SetUse = NonCodeBook or no Precoding information and number of layers field if SRS-SetUse = CodeBook;
-	5 bits as defined by Tables 7.3.1.1.2-20, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and UL-DMRS-max-len=2, and no SRS resource indicator field if SRS-SetUse = NonCodeBook or no Precoding information and number of layers field if SRS-SetUse = CodeBook; 
-	3 bits as defined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-SetUse = CodeBook;
-	4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, UL-DMRS-config-type=1, and UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-SetUse = CodeBook;
-	4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and UL-DMRS-max-len=1, and the value of rank is determined according to the SRS resource indicator field if SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-SetUse = CodeBook;
-	5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, UL-DMRS-config-type=2, and UL-DMRS-max-len=2, and the value of rank is determined according to the SRS resource indicator field if SRS-SetUse = NonCodeBook and according to the Precoding information and number of layers field if SRS-SetUse = CodeBook.
where the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
<Unchanged part omitted>

--------------------------------------------------------------End of TP ---------------------------------------------------------------------

2.7 DMRS for PUSCH
In clause 6.4.1.1.2 of TS38.211 for the  precoding of DMRS for PUSCH, following precoding relation is defined:

.








Our interpretation of is that it means the sum of signals of all CDM groups. However, the index m for sequence , i = 0,1,…,v-1 is relevant to the signal sequence of DMRS port. Therefore, sequence should be the sequence that is mapped to the resources of a DMRS CDM groups, not mapped to the resources of all DMRS CDM groups. Therefore, should be removed, and replace  with .
Proposal 10: Modify the precoding and physical resources mapping procedures of DMRS for PUSCH according to the following TP.
-----------------------------------------------------Start of TP for 38.211----------------------------------------------------------------
[bookmark: _Toc500952682][bookmark: _Toc500952684]6.4.1.1	Demodulation reference signal for PUSCH
[bookmark: _Toc500952683]6.4.1.1.1	Sequence generation
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and


-	 and  is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided


-	 and  otherwise

The reference signal sequence  shall be generated according to



where 



-	, , and  are defined in clause 6.4.1.1.3;


-	 and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2;

-	the set of antenna ports  is given by clause 6.4.1.1.2.
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with and  for a PUSCH transmission dynamically scheduled by DCI.


The sequence group , where  is given by


-	 if  is configured by the higher-layer parameter nPUSCH-Identity-Transform-precoding

-	 otherwise


where  and the sequence number  are given by:
-	if neither group, nor sequence hopping shall be used


-	if group hopping but not sequence hopping shall be used 




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame
-	if sequence hopping but not group hopping shall be used




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame

The reference signal sequence  shall be generated according to



where 



-	, , and  are defined in clause 6.4.1.1.3;


-	 and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2;

-	the antenna port  is given by clause 6.4.1.1.2.
6.4.1.1.2	Precoding

The reference-signal sequence  shall be precoded according to



where 

-	the precoding matrix  is given by clause 6.3.1.5, –

-	the set of antenna ports  is given by clause 6.3.1.5, and 

-	the set of antenna ports  is given by [TS38.214].

[bookmark: _Toc500952685]6.4.1.1.3	Mapping to physical resources
The precoded PUSCH DM-RS shall be mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter UL-DMRS-config-type.


The UE shall map the sequence  to resource elements according to
-	if transform precoding is not enabled, 




	and the reference point for  is subcarrier 0 in common resource block 0.
-	if transform precoding is enabled




	and the reference point for  is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.
------------------------------------------------------------------End of TP -----------------------------------------------------------------
2.8 ULCodebookSubset  configuration for 2 antenna ports
In RAN1 #91 meeting, the following agreements on codebook subset restriction were made:
For uplink codebook subset restriction based on RRC signaling, support 3 states to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
Definition of three states: One state to indicate coherent, partial coherent, and non-coherent transmission, one state to indicate partial coherent, and non-coherent, one state to indicate non-coherent transmission
Only one state can be configured among the three states
For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission state.
For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission state.
The size of the DCI field for TPMI is determined by the selected state
TRI restriction (max transmit rank) is part of TPMI size reduction
FFS: Whether TRI and TPMI are jointly or separately encoded
A RRC parameter of ULCodebookSubset was introduced to indicate the codebook subset restriction for codebook based UL transmission. The values of ULCodebookSubset is agreed to be defined as ‘fullAndPartialAndNonCoherent’, ‘partialAndNonCoherent’, and ‘NonCoherent’ in last meeting. According to the meeting agreements, the definition of full coherence, partial coherence and non-coherence for UE capability is described as follows:
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
Hence ‘partial coherence’ means port pairs can be transmitted coherently. For a UE configured with 4 antenna ports, ULCodebookSubset also means port pairs can be transmitted coherently. For a UE configured with codebook based UL transmission with 2 antenna ports, there is no clarification on what does ULCodebookSubset configured with ‘partialAndNonCoherent’’ mean. Necessary clarification is needed.
Proposal 11: Send LS to RAN2 with a clarification that a UE is not expected to be configured with ULCodebookSubset of ‘partialAndNonCoherent’ when two antenna ports are configured.
3 Conclusions
In this contribution, we discussed the remaining issues on codebook based UL transmission. We propose that:
Proposal 1: The SRI in slot n is associated with the most recent SRS transmission before slot n-k, k is a fixed value.
Proposal 2: UE expects to be configured with at least 1 SRS resource for codebook based transmission.
Proposal 3: If a UE is not configured with ulTxConfig, codebook based UL transmission with  single antenna port is used as default transmission scheme.
Proposal 4: Modify the value set of SRS-SetUse from { BeamManagement, Codebook, NonCodeBook, AntennaSwitching} to { BeamManagement, ULCSIAcquisition, AntennaSwitching }.
Proposal 5: Clarify the definition and determination procedure of [image: ] according to the TP in clause 2.5.
Proposal 6:  Clarify the procedure of PUSCH precoder determination procedure for the scenarios without SRI and/or TPMI and TRI field in DCI according to the TP in clause 2.5.
Proposal 7: Clarify that Precoding information and number of layers is 0 bit for single antenna port codebook based UL transmission.
Proposal 8: Clarify that SRS resource indicator is 0 bit if only one SRS resource is configured for codebook based or non- codebook based UL transmission.
Proposal 9: Clarify the determination of Antenna ports if no SRI field for non-codebook based transmission or no TPMI and TRI field for codebook based transmission.
Proposal 10: Modify the precoding and physical resources mapping procedures of DMRS for PUSCH according to the TP in clause 2.7.
Proposal 11: Send LS to RAN2 with a clarification that a UE is not expected to be configured with ULCodebookSubset of ‘partialAndNonCoherent’ when two antenna ports are configured.
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